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SiGe Microsystems: world's 
first merchant SiGe epiwafer 
supplier 
Roy Szweda, Associate Editor 
I Merchant epiwafer companies are a classic example of spotting an unfulfilled need and then setting 
about satisfying it. Such companies are peculiar to III-Vs but as far as I am aware have no precedent in 
mainstream silicon. However, a new Canadian company called SiGe Microsystems looks set to change 
that. As the name suggests, this start-up is offering custom SiGe epiwafers and it is growing them on 
the revolutionary Leybold UHV-CVD system which was initially developed for IBM. I spoke to one of 
the founding members of the company, Derek Houghton, someone well-known for his contributions 
to both III-Vs and Si with some unique perspectives on the future of SiGe and GaAs. 
I 
t was some two years ago when 
III-Vs Review first covered what 
appeared to be a revival of the for- 
tunes of silicon-germanium based de- 
vices. Up until then there had been 
some very important work been done 
but mostly based on such epitaxy tech- 
niques as MBE. It suddenly got turned 
on its head when Bernie Meyerson at 
IBM's Yorktown Heights research la- 
boratories announced that he had 
found a way to grow highly uniform, 
SiGe heterostructures on large dia- 
meter silicon wafers by a UHV-CVD 
process. 
Overnight he pundits had taken 
note -- largely as a result of the prose- 
lytising of the engaging Meyerson 
himself. I recall a presentation given 
by him at the San Jose IEEE GaAs IC 
Symposium and was mighti ly im- 
pressed. 
Subsequently, however, the world 
settled own again and although some 
devices emerged - notably some high 
performance DACs from Analog De- 
vices -- the revolution faded from 
the headlines. As is often the case with 
such emerging technologies, there was 
a good deal of substance but it would 
take some time for it to be developed. 
Almost as a footnote to some of our 
d~ 
7 
View of the Sirius UHV-CVD reactor used at SiGe Microsystems. All 
epiwafer handling is done under Class 10 cleanroom conditions• 
subsequent coverage of the commer- 
cial availability of the UHV-CVD sys- 
tem from Leybold, we noted that a 
certain Canadian institute had ordered 
a copy of the Meyerson machine. Sadly 
this was the last we heard of it and no 
others have been sold. That is not to 
say the technology had failed to live 
up to expectations. More like that the 
expectations had been somewhat in- 
flated and the technology still had 
some areas of further work. Basically 
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this is what a small group of SiGe re- 
searchers at the distinguished Institute 
for Microstructural Sciences, at the 
National Research Council, in Ottawa, 
have been bringing to fruition. 
Device leverage 
The underlying reason for the earlier 
excitement was that Meyerson had 
not only come up with a way of extract- 
ing the potentially high performance 
of SiGe - which rivals that of III-V 
devices - but also with a process hav- 
ing the attractive economics of silicon. 
However, the process technology was 
being kept proprietary within IBM 
and Analog Devices was the only visi- 
ble recipient of a licence deal for cer- 
tain types of device for the merchant 
market. Plus, of course, Leybold were 
able to sell the epitaxial equipment 
both to world-wide customers and to 
IBM as it turns out. So while the tech- 
nology of SiGe was available in some 
forms it was likely to be not straight- 
forward for others to try out without 
major  commitment  in t ime and 
mone F
It was around this time that the 
centre became interested in UHV- 
CVD of SiGe having been working 
on MBE of SiGe, and also on III-Vs. 
Derek Houghton initiated both the 
III-V MBE and SiGe MBE programs 
at the National Research Council when 
he arrived from Bell Northern Re- 
search in 1984. The UHV-CVD system 
was purchased to explore integration 
of SiGe technology with conventional 
Si bipolar and BiCMOS. Derek said 
that '~11 other techniques from MBE 
to RTCVD having failed to provide 
the 'drop-in' capability afforded by 
UHVCVD. Moreover, this is the only 
UHV-CVD system to have been sold 
outside IBM. The Leybold UHV- 
CVD tool is extremely robust with ex- 
cellent repeatability and material qual- 
ity, it's like day and night compared to 
MBE. After struggling for 12 years to 
achieve device quality results with 
MBE the very first SiGe layer was bet- 
ter than anything we had produced by 
MBE.We have had very few problems, 
service is either from Leybold Hanau 
in Germany or through Leybold USA 
in Eufield, Connecticut" 
Device 
enhancement with 
SiGe 
The key advantage of  SiGe is that it 
can significantly enhance the perfor- 
mance of a wide range of  circuits. 
SiGe devices and circuits are addres- 
sing two markets: analog and mixed 
signal RF and microwave applica- 
tions from 2 to 30 GHz and digital fi- 
bre channel applications up to 40 Gb/ 
s. Compared to Si, SiGe is faster, has 
lower noise and uses less power. SiGe 
VCOs, LNAs, mixers and DACs out- 
perform their Si only counterparts by 
factors of 2 or 3 and beats GaAs on 
cost by roughly 5 to 1. SiGe HBTs 
add only 10% to the cost of fabricat- 
ing a 6" or 8" wafer, so SiGe is a com- 
plement to Si technology and fills the 
performance niche for next-generation wirdess ap- 
plications in the 2-15 GHz range. De- 
rek says that for such areas it is better 
than silicon and much cheaper than 
GaAs with the potential for integrat- 
ing 'radio on chip with the RF 
front-end in bipolar and the DSP 
function in CMOS. 
The SiGe materials ystem has 
other advantages which can be sum- 
marised as follows: operation at 3 V 
down to 1.5 V has been demon-  
strated, also digital applications for 
fibre channel products 10 and 20 
Gb/s analog and mixed signal pro- 
ducts for RF and wireless applica- 
t ions,  i.e. VCOs, LNAs,  power  
blocks for RF front-end, PCS, GPS, 
Hiper lan or other f ixed wireless 
links, DTH, etc, 
tungsten 
"We have one 6-inch x 24 wafer 
UHV-CVD tool but we plan to order 
an 8-inch × 50 wafer tool in the next 
couple of months". 
Commercial reality 
The new epiwafer company, SiGe Mi- 
crosystems, was formed to fulfil an 
outstanding need. Since the arrival of 
the UHV-CVD system, the group had 
continually received enqmries as to 
whether special trial layers would be 
available. At first this was simply the 
commonplace exchange of materials 
between laboratories world-wide. La- 
ter the word got around and what 
amounted to orders for small batches 
of  wafers and even large quantities 
came in. Of course, once the wafers 
had been evaluated and found to live 
up to expectations, the recipient had 
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nowhere other than the NRC to turn 
to for additional supplies. This pent 
up demand stimulated Derek Hought- 
on to form the spin-of f  company 
"SiGe Microsystems". 
This is by no means without prece- 
dent within the compound semicon- 
ductor  f ra tern i ty  and many a 
merchant  epiwafer  company has 
sprung from similar origins. What is 
unique to this start-up is that it deals 
with SiGe rather than III-Vs. 
SiGe Microsystems was incorpo- 
rated in February 1996 by a group of 
engineering and business executives 
with substantial prior experience in 
chip technologies, uccessful start- 
ups, senior management (including 
public companies), corporate finance, 
and electronics manufacturing, mar- 
keting, sales and distribution. Its goal 
is to build a successful chip company 
which can grow to annual sales of 
$50,000,000 by the year 2000.The com- 
pany addresses markets in the RF and 
high speed digital IC areas, which had 
combined sales exceeding $12 billion 
in 1995. 
The first SiGe/Si H BT was demon- 
strated by MBE ten years ago by Subu 
Iyer of IBM. Having a SiGe-based epi- 
taxial layer in the base of a silicon bi- 
polar transistor produces a device with 
higher cut-off requencies whilst at the 
same time reducing noise and power 
dissipation. It also has higher gain 
and Early voltage compared to the 
conventional silicon device. 
Notably, the SiGe wafers are fully 
compatible with conventional silicon 
bipolar and BiCMOS processing. This 
offers manufacturers of, for example, 
silicon bipolar devices - discretes or 
ICs - to achieve a step-up in device 
performance without having to build 
a new line or substantially modify an 
existing one. Essentially, the transistor 
base is formed by a single epitaxial step 
while the rest of the process is that for 
conventional silicon wafers. 
UHV-CVD 
SiGe Microsystems offers unique ac- 
cess to a commercial UHV-CVD facil- 
ity. It uses a depos i t ion  system 
identical to that used by IBM in pro- 
duct ion  of  S iGe/Si  b ipo lar  and 
BiCMOS ICs. 
This hot wall, ultra low tempera- 
ture epitaxial reactor -- see sidebar 
- has been refined into a produc- 
tion-ready tool over the past decade, 
to allow the seamless integration of 
epitaxial silicon germanium into a 
conventional bipolar or BiCMOS pro- 
cess. 
"SiGe Microsystems i addressing 
the needs of smaller companies who 
use their own process line and insert 
our SiGe base into their conventional 
flow" says Derek. "We negotiated a li- 
cence agreement with Leybold and 
IBM for commercial use of the UHV- 
CVD tool for IC applications. IBM is 
really not ideal having the wrong price 
structure for SiGe technology". 
"IBM has no internal need for SiGe 
products ince it is not a communica- 
tions company and the wafer cost to ex- 
ternal customers has perhaps been 
forced too high by the need to recoup 
many years of R&D investment. We 
have virtually no overhead and offer a 
• low cost-of-entry solution to advanced 
SiGe technology". 
Partnership by design 
SiGe Microsystems i  not only provid- 
ing SiGe processing but also Si/SiGe 
bipolar design services for RF and di- 
gital ICs. The process capability isused 
by companies intending to introduce 
very-high performance SiGe bipolar 
and BiCMOS products in the RF and 
high speed digital areas. In the design 
area, it provides tile wafer arrays, and 
custom ASIC solutions, SiGe device 
modell ing and proprietary designs 
for design partners and systems com- 
panies needing the ultimate in perfor- 
mance. 
SiGe Microsystems develops pro- 
cess technology in partnership with 
semiconductor producers and pro- 
vides training for their personnel in 
the use of the Leybold Sirius UHV- 
CVD reactor. Process technology 
transfer is available for those compa- 
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The advantages of  low temperature base 
ultra-high vacuum chemical vapour into 
deposition (UHV-CVD) are as fol- 
lows: highly precise film thickness, 
composition and concentration pro- 
files alloy and dopant profiles can be 
produced of  arbitrary abruptness, 
with absolute precifion and wide dy- 
namic range devices and circuits can 
be readily integrated u, in~ substrates 
The ability to grow such SiGe epi- 
layers is not limited to just enhancing 
conventional devices, it also confers 
the ability to create a range of novel 
new devices or processes improve- 
ments: n and p-channel MOSFETs 
for CMOS, SiGe pboton ics  for 
OEICs and WDM applications. 
,m l lNmwmtm~w 
BJwt  
The Lsybold Sirius UHV-CVO multiwafer SiGe epitaxial reactor The system is well-suited for 
mass production by virtue of large batch processing -- note the waters in situ -- and PC 
control and data handling. 
nies who desire to evaluate SiGe in- 
house. 
"In response to initial customer 
enquiries later this year we also intend 
to introduce carefully selected stan- 
dard products which will be intro- 
duced  us ing  a convent iona l  
multinational representative strategy" 
says Derek. "We have six customers 
who are at different stages in the devel- 
opment of SiGe technology and a 
further ten are negotiating access to 
SiGe Microsystems' process. 
"Our business trategy of SiGe Mi- 
crosystems i to deliver customised 
SiGe development and production 
processing for semiconductor p odu- 
cers and to fabricate RF and wireless 
chips/modules for direct sales by SiGe 
Microsystems". 
The epitaxial services at SiGe Mi- 
crosystems are conducted in a Class 
100 cleanroom. Manufacturing capa- 
city from the single reactor is 2000 
six-inch wafers/month with four-inch 
and three-inch capability also avail- 
able. The turn-around is one week 
and a full-batch, i.e. 24 wafers per de- 
position cycle is available. 
It has ISO 9000 certification pend- 
ing and uses a comprehensive suite of 
in-house characterisation techniques: 
SIMS, five axis X-ray diffractometer 
(DCD-XRD), lattice imaging TEM- 
STEM (with EELS and EDS), AES, 
scanning Auger Microprobe, XPS, 
FIB circuit reverse ngineering, field- 
emission SEM, AFM, electrochemical 
C-V depth profi l ing (e-CV) and 4- 
point probe resistivity mapping. In ad- 
dition, SiGe Microsystems has access 
to variable temperature DC and HF 
to ~ 80 GHz device and circuit test- 
ing, ultra low temperature (down to 
25 mK) high B field (14 Tesla) Hall ap- 
paratus, multi-wavelength ellipsome- 
try, FTIR-PL and FTIR spectroscopy. 
As we went to press, III-Vs Review 
learned from Derek that SiGe Micro- 
systems has received substantial fund- 
ing from venture capitalists and other 
sources. "This means that we can put 
our business plan fully into effect. We 
can proceed with the confidence that 
the next two years' funding is secure 
and I look forward to getting out on 
the road to meet firsthand our custo- 
mers new and old. I don't for one min- 
ute think that the job is complete 
because we still have a great deal of 
convincing of the device people to 
do. What we have is still very new but 
it has so much potential I am sure that 
many others will want to gain the 
leverage that it can give" 
Indeed, what SiGe Microsystems 
has set out to do is no small mountain 
to climb but at least now it seems to be 
in the foothills. It is very gratifying to 
hear of this recent success plus news 
that a major US West Coast company 
has re-affirmed its interest in support- 
ing SiGe Microsytems' acquisition of 
the second, larger reactor. Within this 
there is an inkling as to a general trend 
towards the outsourcing ofepitaxy: to 
sub-contract the operation to the ex- 
perts and derive all the benefits that 
much quicker than with effectively du- 
plicating SiGe Microsystems' facility 
in-house. 
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